A study was carried out at Dongola town-Agjah district (Sudan) for two consecutive summer seasons (2005/06 and 2006/07) to investigate the response of maize (Zea mays L.) growth and yield to irrigation regimes; irrigation water amounts and irrigation intervals, under different tillage practices. Irrigation water amounts used were; 100%, 75%, and 50% FAO Penman-Monteith ET c . The different tillage practices applied were; disc ploughing (20 cm depth) followed by disc harrowing and levelling, chisel ploughing (30 cm depth) followed by disc harrowing and levelling, and no tillage. The irrigation intervals were; 10, 15, and 20 days. The application of irrigation treatments was started at the third irrigation. There were no significant differences (P ≤ 0.05) due to irrigation water amounts, tillage practices, and irrigation intervals treatments combinations on plant height; at 45, 60, and 75 days after sowing, leaf area index at 75 days after sowing, and plant population for both seasons. Also, there were no significant differences (P ≤ 0.05) on yield and yield parameters; cob length, number of rows/cob, number of seeds/cob, 100-seed weight, yield/unit area, stover/unit area, harvest index, and field water use efficiency in both seasons for the treatments interactions. The treatments interactions gave significant difference (P ≤ 0.05) on soil moisture content in one of the two seasons at soil depths of 0-25, 50-75, and 75-100 cm. It was observed that disc ploughing treatment with all combinations of irrigation water amounts and irrigation intervals gave the highest values in both seasons for plant height, leaf area index, and soil moisture content. It was observed that the highest values of field water use efficiency for both seasons were obtained under treatment interactions of disc ploughing treatment, irrigation water amount of 50% ET c , and 10 days irrigation interval.
INTRODUCTION
Sudan's agricultural potential, in terms of land and climates is considerable, but food production by primitive systems of farming has not kept up with the population growth, and this caused problem of food shortage and inadequate amounts of foreign exchange (FAO, 1984) .
A great improvement in the efficiency and productivity of agriculture is essential in Sudan if its rapidly increasing population is to be provided with adequate food, employment, and a better standard of living. Any plan designed to increase food production would call for the establishment of an economically viable crop production technology relevant to the local environmental conditions. Maize (Zea mays L.), also known as Indian corn and simply as corn, is an important crop worldwide, not only because it is the third cereal after wheat and rice and more important than either as a forage crop, but also because of its numerous uses and because of the shortage of its supply compared with the increasing demand (Babiker, 1999) .
In Sudan, maize is normally grown as a rain-fed crop in Kordofan, Darfur and Southern States or in small irrigated areas in the Northern States. Since the yield of rain-fed maize is low and erratic, many studies have been carried out to determine the yield potential under different irrigation levels. Most of these studies were conducted during summer (Ahmed and El Hag, 1999) .
For producing maize it is very important to study the effect of tillage and water application regimes. Tillage influences the physical properties and environment of the soil, weed control and as a consequence affects plant growth, while irrigation, especially in arid and semi-arid regions is of vital importance for producing maize. This study was conducted at Dongola area-Northern State (Sudan) in order to obtain some information about maize production in this area.
MATERIALS AND METHODS
The study was carried out at Dongola town-Agjah district (Sudan) which lies at latitude 19°10' N, longitude 30°29' E, and altitude 228 m for two consecutive summer seasons (2005/06 and 2006/07) . The climatic zone of the area is described as desert (Adam, 2002) . Summer is extremely hot with a mean maximum temperature of about 42 ˚C and a minimum of 25 ˚C, high bright sunshine duration of more than 10 hours, and low relative humidity less than 20%. The total annual rainfall in the area is 11.0 mm (Sudan Meteorological Authority, 2006) . Since the area falling within the rainfall zone of 0-300 mm, it described as arid area (FAO, 1987) .
The soil of the experimental site was classified as loamy, with 31.5% sand, 46.5% silt, and 22% clay (Mohammed, 2006) . The experimental site had previously been used for producing wheat and broad bean for several winter seasons.
The experimental area for each replicate was divided into three blocks, each block was divided into three strip plots and each was further divided into three subplots. Three meters wide areas were left between blocks as buffer zones. The plot size was 4 × 6 m and 1.5 m apart from each other with a total number of 27 plots. This set up was replicated three times.
The experimental design chosen was split-split-plot design with three tillage practices (T 1 : disc ploughing (20 cm), disc harrowing, levelling; T 2 : chisel ploughing (30 cm), disc harrowing, levelling; and T 3 : no till), three irrigation water amounts (W 1 : 100% of FAO Penman-Monteith ET c , W 2 : 75% of FAO Penman-Monteith ET c , and W 3 : 50% of FAO Penman-Monteith ET c ), and three irrigation intervals (I 1 : 10 days intervals, I 2 : 15 days intervals, and I 3 : 20 days intervals). The irrigation water amount treatments were distributed randomly in the main plots. Tillage treatments were located randomly in the strip-plots, whereas the irrigation interval treatments were distributed randomly in the subplots of each strip-plot. The experimental procedures were the same for both seasons.
An open pollinated Egyptian yellow cultivar of maize (Zea mays L.); Mugtama-45, was used in this study. All standard recommended agronomic practices; other than treatments, were followed throughout the growing seasons. The crop was sown on 22 nd of May and was harvested on August 25 th for both seasons. The application of irrigation treatments was started at the third irrigation. The source of water supply for farm irrigation system was River Nile.
Plant height measurements were taken at 45, 60, and 75 days after sowing each season. Also, Leaf area index (LAI) at 75 days after sowing was determined. Plant population (plant ha Mean comparisons between treatments interactions were determined using Duncan's multiple range test (DMRT) as described by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION
Fig 1 shows the total amount of irrigation water in mm applied in both seasons. The maximum amount of irrigation water applied per season of 1041 mm was recorded at 100% ET c every 15 days, whereas the minimum amount of irrigation water applied per season of 606 mm which was obtained at 50% ET c every 20 days. These values agree with the findings reported by AOAD (2006) confirming that irrigation water amounts applied were within the limits for maize water requirement. Table 1 shows the mean effect of treatments combinations on maize plant height; at 45, and 60, 75 days after sowing, leaf area index at 75 days after sowing, and plant population at harvest time for both seasons. There was no significant interaction between treatments was detected when plant height was checked over the growing seasons. It was observed that disc ploughing treatment with all combinations of irrigation water amounts and irrigation intervals resulted in the tallest plant height throughout the measurement periods in both seasons. These results indicated that the contribution of tillage on interaction was larger because tillage improves permeability of the soil surface layer.
Also, all treatments interactions had no significant effect (P ≤ 0.05) on leaf area index at 75 days after sowing in both seasons. This may be due to the importance of tillage practices matching, as the beneficial effect of any one can masked by a mismatch of the others. The results observed that disc ploughing treatment with all combinations of irrigation water amount and irrigation intervals gave the highest values of leaf area index in both seasons. This indicates that the contribution of tillage on interaction was larger because tillage improves physical conditions of the soil surface layer.
Treatments interactions were failed to shows any significant differences (P ≤ 0.05) on plant population in both seasons. This because the beneficial effect of tillage can be masked by a mismatch of the other treatments.
Results in Table 2 presented that no significant difference (P ≤ 0.05) was found between treatments interactions on the cob length, number of rows/cob, and number of seeds/cob in both seasons. The mean effect of irrigation water amount, tillage practice, and irrigation interval treatments interactions on 100-seed weight yield/unit area, stover/unit area, harvest index, and field water use efficiency are shown in Table 3 for both seasons. There were no significant differences (P ≤ 0.05) between treatments interactions on the 100-seed weight, grain yield, and stover yield in both seasons. It was found that the interaction effect of irrigation water amounts, tillage practices, and irrigation intervals failed to show clearly the best combination of these three factors. Also, there were no significant differences (P ≤ 0.05) between treatments interactions on harvest index and field water use efficiency in both seasons. It was observed that the highest values of field water use efficiency for both seasons were obtained under disc ploughing treatment, irrigation water amount of 50% ET c , and 10 days irrigation interval. amounts and irrigation intervals. This could be attributed to the fact that disc ploughing operation pulverizes and disturbs the soil, reduces soil compaction and consequently decreasing bulk density and increasing soil porosity and water storage capacity. Similar conclusions were reached by Johnson et al. (1989) and Ahmed (2005) . Also, Arnon (1972) reported that the effects of tillage methods on crop growth and yields are to a large degree attributable to differences in soil-moisture regimes which in turn are due to improved infiltration and conservation of water. 
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS:
1. No-tillage and stressed watering regimes were inferior with respect to agronomic attributes in comparison to the corresponding treatments. 2. As far as tillage practices and irrigation regimes combinations is concerned, it was observed that the highest values of field water use efficiency for both seasons were obtained under disc ploughing treatment, irrigation water amount of 50% ET c , and 10 days irrigation interval. 3. Maize appears to be a promising crop under irrigation at the Northern State conditions and could be grown as forage and/or a grain crop.
RECOMMENDATIONS:
1. The optimum and economical package of tillage and irrigation regime for maize production under Northern State-Sudan conditions (arid area) need to be identified and related factors to be quantified and processed. 2. Comparative studies of different tillage practices and irrigation regimes for maize production in Northern State (Sudan) at different localities and seasons should be conducted.
